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This study aims to evaluate the effect of coconut shell at varying percentages as an aggregate 
replacement on the stability properties of the asphalt mixture. The performance of the 
specimen was evaluated through stability, stiffness, density
percentages namely 0%, 10%, 20%, 30% and 40% by weight volumes
replacements in asphaltic concrete. The mixture design incorporating the penetration grade 
60/70 bitumen was used for specimen testing. The optimum content of bitumen for asphalt 
mixtures was 5%. Test results showed that th
specimen increased with the increase of coconut shell content to a peak level (10%) an
decreased with further additions of coconut shell. Results also indicated that 10% coconut 
shell was the optimum replacement as an aggregate in the asphaltic concrete.
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1. INTRODUCTION 
Coconut palm is highly valued and called “the tree of life” due to its various purposes [1]. 
Fruit-bearing palms are native to Malaysia, Polynesia, and southern Asia. Coconut byproducts 
have been widely used for a considerably long time and become a source of income for 
people. Agricultural waste can be treated by recycling the disposed material. Coconut is 
prominent as a multifunctional plant because all of its parts can be used for a wide-range of 
activities. The shell, husk, root, frond, flower and wood of the trunk also become convenient 
products [2]. In Malaysia, coconut is the fourth important industrial crop after oil palm, rubber 
and paddy in terms of the total planted area [3]. Coconut shell (CS) is an agricultural waste 
and available in large quantities throughout tropical countries worldwide. CS can be a 
high-end replacement material for housing construction [4]. Building materials from 
agricultural and forest wastes are suitable for low-cost housing because they are cheaper 
compared with regular materials [5]. Coconuts are present in a wide variety of size, weight, 
shape and color, depending on the genetic variety and maturity of the nut at harvest. 
Numerous studies have been conducted to improve and upgrade the materials for preparing 
hot asphalt mixture [6-8]. Utilizing waste material as a replacement for producing hot asphalt 
mixture can provide considerable benefits to humans [9]. CS is an alternative that can be used 
to replace an aggregate in preparing a flexible pavement [10]. CSs have also been used 
previously in building houses [11], ceiling and wall and in ceramic and mosaic production 
[12]. These uses show that the demand of the natural aggregate is remarkably high. Therefore, 
CS can be used to replace natural aggregate in the road construction of the wearing course. 
 
2. EXPERIMENTAL PROCEDURE 
2.1.Materials 
Bitumen with the penetration grade of 60/70 was used as the binder. The bitumen was oven 
heated until it became fluid before adding it to the aggregate mixture. Furthermore, two 
aggregate types namely granite and CS were used. Granite is nearly always massive (lacking 
internal structures), hard and tough, thereby gaining widespread use in construction [13]. In 
the present study, the CSs were already cracked by 50-100 mm but the fiber and coconut meat 
were still intact. They were sun dried for 24 h before the fibers were removed using a cutter. 
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Some of the shells were crushed manually using a pestle and mortar. Afterward, other shells 
were crushed using an aggregate crushing machine. The CSs were sieved according to the 
JKR specification [14] as illustrated in Fig. 1. Table 1 provides a guide on mixing designation. 
 
Fig.1.Gradation limit for asphaltic concrete [14] 
 
Table1.Mix designation of specimens 








2.2.Marshall Mixture Design 
Typical 101.6 mm-inner diameter steel Marshall molds were used with the Marshall hammer. 
An electrically heated paddle mixer was used to blend the aggregates, CS and bitumen. The 
aggregate, bitumen and CS were mixed and compacted at 180±0.5°C in the laboratory. A 5% 
bitumen content was selected as the optimum value. The mixtures were compacted with 75 
blows on each side using the standard Marshall hammer to avoid material disintegration. After 
compaction, the specimens were removed from the molds and allowed to cool down. 
2.3.Stability Test 
The stability value of each test specimen was determined in accordance with the ASTM 
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temperature of 60±1°C for a period of 45 min. Subsequently, the specimens were placed in the 
Marshall Stability testing machine and loaded at a constant rate of deformation of 50.8 
mm/min until the maximum load was attained. 
 
3. RESULTS AND DISCUSSION  
3.1. Stability, Stiffness and CS 
The relationship between the stability and stiffness of the asphaltic concrete at different 
percentages of CS is graphically presented in Fig. 2. All specimens behaved similarly; the 
stability of mixture initially increased to approximately 10% CS and then began to decrease 
until 40% CS. The increased stability in the initial stages resulted from the combined effect of 
the bitumen and CS. High stability values indicate the stiff and resistant mixtures [10]. The 
results also showed that the rate of increase in stability regarding the CS content of the asphalt 
concrete mix was higher than that of the conventional mix. For example, the maximum 
stability for 0% CS was 23 kN. However, a 10% CS specimen exhibited a maximum stability 
of 125 kN. This result indicated that adding 10% CS to the asphaltic concrete can increase the 
stability three times. Furthermore, the decrease in stability was mainly due to the high water 
absorption of the CS. The results of the stiffness tests on the asphalt mixture containing the 
CS at varying percentages are depicted in Fig. 2. Generally, the specimen stiffness increased 
when the CS content increased to a peak level (10%) and then decreased with further 
additions of CS. The results also indicated that the CS10 asphalt mix exhibited the highest 
stiffness compared with those of CS0, CS20, CS30 and CS40. However, at 40% CS, the 
stiffness decreased to a value lower than that of the controlled mixture. Thus, a 10% CS in an 
asphaltic concrete was considered the optimal limit. 
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Fig.2. Stability
3.2. Stability, Flow and CS 
The correlation among the stability, flow
The AC-CS10 specimen recorded high stability
stability of the mixture depends on the cohesion of bitum
increases with increasing bitumen content [16
and brittle where it cannot stand high load. Therefore, AC
Moreover, the flow for the corresponding perce
high percentage of the CS replacement increased the flow, except for CS20. This result is due 
to a large number of voids presented in the specimen, thereby the easy cracking during 
loading. In general, AC-CS40 sh
value. 
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 and CS at different contents is illustrated in Fig. 3. 
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Fig.3. Stability
3.3. Stability, Density and CS 
The relationship among stability, density
in Fig. 4. The stability of the asphaltic concrete containing CS increased with the densities 
increasing to a peak level (10%)
initially increased with further additions of CS. For instance, the density of 2.
was achieved when the CS percentage was increased from 0% to 10%. The different content 
levels of CS can affect the density and stability of the mixture. Finally, the high density
mixes is probably due to the higher specific gravity of the natural aggregate compared with 
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 and flowversus coconut shell 
 and CS at varying percentages is plotted and shown 

















3.4. Stability, Density and CS 
Fig. 5 presents a graphical illustr
general, the stiffness of CS asphalt mixture was almost similar to that in the stability test. The 
stiffness value of the asphaltic concrete initially increased when the CS content increased 
from 0% to 10%, and then started to decrease until the specimens eventually deteriorated after 
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4. CONCLUSION 
Replacing conventional aggregate with certain amounts of CS effectively improved the 
stability properties of the asphaltic concrete. The optimum replacement percentage was 10%. 
In addition, a CS can be satisfactorily used as an aggregate replacement material for 
increasing the performance of the asphaltic concrete. 
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